The Hedgehog (Hh) family of secreted signaling proteins is one of only a handful that guide animal development. Hedgehog proteins can elicit dose-dependent responses over extended time periods and mutations that cause inappropriate activation of these responses underlie many forms of cancer [1] . Hence, enormous potential gains for developmental biology and cancer research hinge on understanding how the Hh signal is transduced. The seven transmembrane domain Smoothened (Smo) protein does not bind Hh directly but acts at a focal point of Hh signal transduction. It has been very difficult to define how Hh activates Smo but a recent article [2] provides direct evidence that Hh critically induces a conformational switch in Smo.
Structural similarities to G-protein coupled receptors (GPCRs) and several studies with altered Smo proteins had previously prompted the hypotheses that Hh may induce Smo to change its conformation or to oligomerize [1] . Zhao et al. [2] [1] . Converting those sites to acidic residues increased C-FRET in the absence of Hh, whereas conversion to Alanine residues or inhibition of PKA activity prevented Hh from increasing C-FRET. Thus, phosphorylation of PKA and CK1 sites favors the Hh-stimulated conformation of Smo in opposition to the restraint imposed by the multiple neighboring basic residues.
A third group of charged residues was also implicated, but less decisively, in the Smo conformational change. Ten acidic residues dispersed among four clusters near the carboxyl terminus of Smo were found to be necessary for high L3C-FRET in the absence of Hh and for this segment of Smo to bind to the more proximal Arg-rich region in an in vitro pull-down assay. C-FRET measurements for Smo lacking these acidic residues were not reported but this Smo variant did not acquire strong constitutive activity, in contrast to Smo molecules lacking the Arg patches or with acidic residues at PKA and CK1 sites. Thus, it is possible that the demonstrated intramolecular interactions of the Arginine-rich region of Smo with more distal acidic residues are supplemented by additional interactions that favor the inactive Smo conformation. Membrane phospholipids are obvious candidates for providing such additional electrostatic interactions.
These results enhance our current picture of how fully activated Smo differs from inactive Smo. In the presence of Hh, Smo adopts a different intracellular conformation: It is also more fully phosphorylated, it localizes more prominently to the plasma membrane as opposed to internal vesicles and it is present at higher overall levels. Zhao et al. [2] do not explicitly measure total Smo levels but they show that Smo conformation, phosphorylation and localization are highly correlated for a large number of Smo variants and signaling stimuli. What is the basis for this correlation in terms of cause and effect? Increased phosphorylation, or at least its mimic, could direct high C-FRET and surface localization, but high C-FRET was seen in some internal vesicles as well as at the plasma membrane. It is, therefore, tempting to propose that increased phosphorylation causes a conformational change, which subsequently dictates surface localization.
However, it is not easy to define the initial change in Smo properties because full activation of Smo by Hh appears to involve a positive feedback loop (Figure 1) [4, 6, 8] . The altered properties of Cos2 might also facilitate phosphorylation of Su(fu) by Fu. There is also gradually more compelling evidence to consider G-proteins and Arrestins as potential Smo effectors [9] ; their engagement with GPCRs through conformational changes and ligand-induced phosphorylation is well established.
The role of Smo in Hh signaling raises intriguing questions about pathway conservation. Vertebrate Smo proteins have a much shorter carboxy-terminal tail than Drosophila Smo and specifically lack the PKA and CK1 sites discussed above [10] . Also, potential mammalian homologs do not appear to have functions equivalent to Drosophila Fu and Cos2, although zebrafish provide an interesting contrast to mammals in this regard. Zhao et al. [2] now report that mammalian Smo (mSmo), tagged analogously to Drosophila Smo, exhibits increased C-FRET and decreased L3C-FRET in response to Sonic Hedgehog (Shh). Remarkably, similar changes in FRET were also promoted in the absence of Shh by altering multiple Arg/Lys clusters within the carboxy-terminal domain of Smo to alanine residues, suggesting that at least some aspects of the electrostatic switch governing Smo conformation are conserved. Those basic residues are distributed roughly as in the arginine-rich region of Drosophila Smo but they are not immediately adjacent to multiple known or potential phosphorylation sites. Perhaps the interactions of the basic residues of mSmo that stabilize the inactive state can be modified by phosphorylation at more remote sites, or perhaps only an initial conformational switch is conserved in all Smo molecules and different mechanisms of subsequent positive feedback are utilized in different organisms.
How does Hh elicit dose-dependent responses? Zhao et al. [2] propose that the use of multiple phosphorylation sites to counter the influence of multiple Arginine residues in determining Smo conformation provides a means for Hh dose to be translated into different degrees of Smo activation. The morphogenetic properties of Hh proteins are most clearly evident in the vertebrate neural tube but can also be seen in Drosophila wing imaginal discs [1] . It would certainly be interesting to see if the proportion of Smo molecules in active conformation is indeed graded along the entire Hh signaling domain. In the wing imaginal disc it is already known that Smo stabilization is clearly evident only in regions responding to the highest levels of Hh. However, very little is known about how Smo stability is regulated and the eventual answer may be complex. Thus, Smo stability may be fully integrated into the cycle of altered Smo conformation, phosphorylation and localization discussed earlier, but independent inputs and changes in Smo properties might also influence Smo stability. We should, therefore, expect that the product of total Smo concentration and the proportion of Smo molecules in active (high C-FRET) conformation, rather than the C-FRET profile alone, constitutes the cell's initial reflection of Hh dose. This must subsequently be transformed into appropriate activity of the transcriptional regulator, Ci. For Ci, like Smo, there is also clear evidence that Hh modulates both protein levels and specific activity [1] . Here also, the relative contribution of these two facets to Hh morphogenetic action has not been strictly evaluated but there are hints of a broad, occasionally inverse, symmetry in the regulation of Smo and Ci. For Ci, modulation of specific activity by Fu and Su(fu) appears to be the dominant factor at the highest Hh levels, whereas inhibition of proteolysis, due to decreased Cos2-dependent phosphorylation at clustered PKA, CK1 and GSK3 sites, provides a more sensitive response to Hh that may be less sharply graded throughout the Hh signaling domain [11] . Evolutionary Genetics: Sex Happens in Giardia Previous analyses of the Giardia genome exposed numerous genes required for meiosis, suggesting that sexual reproduction is occurring in this earlydiverging eukaryote. A new study now uncovers direct genetic evidence for recombination in Giardia populations.
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For more than two decades, the intestinal parasite Giardia (Figure 1 ) has served as the 'poster cell' for early eukaryotic evolution. The apparent absence of mitochondria in Giardia, as well as additional missing or seemingly primitive versions of common eukaryotic features, led Cavalier-Smith [1] to include these diplomonad protists as one of the founding members of the Archezoa: eukaryotes that diverged prior to the endosymbiotic origin of mitochondria. Initial molecular phylogenies nicely supported the presumed ancient divergences of Archezoa [2] , but the club was short-lived. New phylogenies, along with the discovery of mitochondrial genes and the organelles themselves, have together conspired to seriously undermine the case for Archezoa [3, 4] . And although some former Archezoa are now known to be
